The 0-specific moieties of the O1B antigen (lipopolysaccharide) from Escherichia coli O1B:K1 and the O1C antigen from E. coli O1C:K-both consist of L-rhamnose, D-galactose, N-acetyl-D-glucosamine, and N-acetyl-D-mannosamine in a molar ratio of 2:1:1:1. By using fragmentation procedures, methylation analysis, and oneand two-dimensional nuclear magnetic resonance spectroscopy, the structures of these polysaccharides were found to be
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In the O1B polysaccharide X is 2, and in the O1C polysaccharide X is 3. With the recently published structure of the OlA polysaccharides (B. Jann, A. S. Shashkov, D. S. Gupta, S. M. Panasenko, and K. Jana, Carbohydr. Polym. 18:51-57 1992), three related 01 antigens are now known. Their common (01-specific) epitope is suggested to be the side-chain N-acetyl-D-mannosamine residue.
Escherichia coli strains that express the 01 antigen (lipopolysaccharide [LPS] ) and the Kl antigen (capsular polysaccharide) are known to cause extraintestinal infections in humans (20, 23, 25, 29, 30 ). An analysis of extraintestinal E. coli (1, 17, 23) on the basis of sodium dodecyl sulfateMost of the strains were of the 01:K1 serotype and expressed LPSs with two related SDS-PAGE patterns, which were termed O1A and OlAl LPSs. Three strains expressed an LPS with a different SDS-PAGE pattern, which was termed 01B. Another strain had yet another LPS, termed (35) . The polysaccharides were obtained from the LPSs by hydrolysis in 1% acetic acid at 100°C for 90 min and purified as previously described (6, 8) .
Methylation analysis. The polysaccharides and oligosaccharides were methylated with dimethyl sulfoxide-potassium hydride-methyl iodide as described earlier (27) . To establish the linkage to N-acetylglucosamine, the hydrolysis procedure of Stellner et al. (32) was used. The mixture of methylated sugars was analyzed, after reduction and acetylation, by gas-liquid chromatography (g.l.c.)-mass spectrometry (m.s.).
Periodate oxidation and Smith degradation. Periodate oxidation has already been described (6) . Periodate acid (11) . After lyophilization, the material was dissolved in a minimum amount of water and chromatographed on a column (1.5 by 40 cm) of Biogel P-2 with water as the eluant.
Analytical methods. Rhamnose and galactose were determined as alditol acetates; rhamnose was also determined with the cystein-sulfuric acid reagent (14) . The amino-sugars were identified and determined as their alditol acetates by g.l.c.-m.s. on Poly A103 at 220°C (22) . The absolute configuration of rhamnose was determined with L-Rha-specific rhamnose isomerase (36) . The D configuration of the other sugar units was determined from the glycosylation effects in nuclear magnetic resonance (NMR) spectroscopy (31) .
Analyses by g.l.c.-m.s. were carried out with a HewlettPackard 59585 and a Finnigan MAT 1020B automatic system at 70 eV on a CB CP-SIL 5 column (22 m by 25 mm) with helium as the carrier gas. Chemical ionization m.s. was done with ammonia as the reactant gas.
NMR spectroscopy. 1H and 13C NMR spectra were recorded with a Bruker AM-300 spectrometer in D20 at 60°C with acetone (bH 2.225, bc 31 .45) as the internal standard. Two-dimensional homonuclear correlated spectra (2D-COSY), H-relayed H,H-COSY spectra (one and two step), and heteronuclear 13C/1H-COSY spectra were obtained by using standard Bruker software for ASPECT 3000 (COSYHG, COSYRCT, COSYRCT2, and XHCORRD, respectively). Nuclear Overhauser effect experiments were performed in the truncated driven nuclear Overhauser effect mode (34) with the Bruker NOEMULT program. The relaxation delay (D1) was 1 s, the irradiation time of every component of multiplets (D2) was 0.1 s, and the total preirradiation time of whole multiplets was 1.0 to 1.2 s.
RESULTS
Characterization of polysaccharides. The 01B and O1C polysaccharides obtained after chromatography on Sephadex G-50 (Kd, 0.94 to 0.96) were free of protein and nucleic acids and did not contain lipid A. They consisted of L-rhamnose, D-galactose, N-acetyl-D-glucosamine, and N-acetyl-Dmannosamine in a molar ratio of 2:1:1:1, as evidenced by chemical analysis and NMR spectroscopy. Reactivity with L-rhamnose-specific rhamnose isomerase showed both of these residues to have the L configuration. Oxidation with sodium metaperiodate destroyed the mannosamine and one of the rhamnose units in both polysaccharides and, in addition, the galactose residue in the 01B polysaccharide.
Methylation analysis. The methylated polysaccharides (27) were hydrolyzed with a method that facilitates analysis of partially methylated amino sugars (32) . After reduction and acetylation, the partially methylated alditol acetates were analyzed with g.l.c.-m.s. Table 1 shows that the 01B polysaccharide consisted of 2-linked rhamnose (RhaI), 3- which the 3-linked rhamnose was substituted at C-2 by N-acetylmannosamine.
Smith degradation and methylation analysis of products. The Q1B and O1C polysaccharides were subjected to Smith degradation (5) . The products were reduced with sodium borohydride and methylated (27) . Subsequent chemical ionization m.s. showed that the product from the Q1B polysaccharide was a disaccharide with a molecular weight of 553 (M+NH4+, 571; M+H+, 554) and that of the Q1C polysaccharide was a trisaccharide with a molecular weight of 757 (M+NH4+, 775; M+H+, 758). Both oligosaccharides were hydrolyzed (32), reduced, and subjected to g.l.c.-m.s. The data in Table 2 show that the product from the O1B polysaccharide was the disaccharide N-acetylglucosaminyl- NMR spectroscopic analysis of the O1B polysaccharide. The 13C NMR spectrum (Fig. 1) The 'H NMR spectrum (Fig. 2) contained five signals in the region for anomeric protons (8 4.8 to 5.6), two singlets due to acetamido groups (8 2.05 and 2.07), and two doublets due to the C-6 methyl groups of 6-deoxy sugars (8 1.23 and 1.31).
A complete assignment of the signals in the 'H NMR spectrum (Table 3 ) was obtained by using 2D COSY and one-and two-step H-relayed H,HCOSY spectra (4, 12) . The visual multiplicities and coupling constants were determined from homonuclear spin-decoupling experiments in a modified differential mode (16) .
The sequences and anomeric configurations of the sugar residues (Table 4) (HZ) Preirradiation of H-6 of residue A (RhaI) revealed a longrange interaction between the methyl group of this residue (A) and H-3 of residue B (Gal), as well as H-2 and H4 of residue C (GlcNAc) ( Table 4) . The signal assignments in the 13C NMR spectrum ( Fig. 1 and Table 5 ) were accomplished by using a 2D heteronuclear COSY spectrum (Fig. 3) . The glycosylation effects were calculated, and the absolute configurations of the sugar residues were determined (31) . An unusual glycosylation effect was found for the formally linear part, A-B-C (defined in Tables 3 to 5), of the repeating unit, with a-glycosylation effects for C-3 of sugar residue B (aGal) and for C-2 of sugar residue C (,BGlcNAc) being about 3 ppm smaller than the values previously reported (18) . This may be because longrange contact between these residues led to a change(s) in conformation around the 1-2 and 1-3 bonds in this substructure. This may be the reason for the above-described longrange interaction between residues A, B, and C.
NMR spectroscopy of the O1C polysaccharide. The 13C NMR spectrum of the 01C polysaccharide was similar to that of the 01B polysaccharide (Fig. 1) , the most obvious difference being the absence of the signal at 8 98.55 and the presence of a signal at 8 100.5 instead.
The 'H NMR spectrum (Fig. 2) contained, inter alia, signals of anomeric protons, some of which had chemical shifts which differed from those exhibited by the O1B polysaccharide (Fig. 2) . Thus, the signal at 8 5.57, which was present in the O1B spectrum (JH-1,H-2 3.5 Hz) was missing in the O1C spectrum and a signal at 8 5.34 (JH-1,H-2, 3.9 Hz) was present instead (Fig. 2) . As shown below, this signal was due to H-1 of a-galactose (2 linked in the 01B polysaccharide; 3 linked in the 01C polysaccharide).
The assignments of the signals in the 'H NMR spectrum of the 01C polysaccharide (Table 6 ) were obtained as described above for the O1B polysaccharide. The nuclear Overhauser effect experiments with preirradiation of the anomeric signals (see above) showed the same connectivities and linkages as detected in the O1B polysaccharide, with the exception of 3-linked instead of 2-linked a-galactose ( Table  7) . The assignments of the signals in the 13C NMR spectrum, as obtained with a 2D 13C-'H-COSY spectrum, are shown in Table 8 and Fig. 4 . (1) . Many E. coli strains with the O1A or OlAl antigen, three strains with the O1B antigen, and only one strain with the O1C antigen have been described (1, 21) . E. coli strains that express the O1A or OlAl antigen belong to two clones, as defined by the migration patterns of not only their LPSs but also their major outer membrane proteins. Structural analysis of a representative of each of the O1A and OlAl LPSs showed that their 01-specific polysaccharides were identical (9). It is not clear why these LPSs have different migration patterns in SDS-PAGE. This may be due to differences in the core-lipid A regions, which were not analyzed in our studies. We have elucidated the structures of 01B-and O1C-specific polysaccharides. The structures obtained by chemical analysis and NMR spectroscopy are shown in Fig. 5 . The previously reported structure of the OlA-OlAl-specific polysaccharide (9) is included in Fig. 5 . Comparison of the 'H and 13C NMR spectra obtained from the O1B polysaccharide described here (strain A198) and from that of strain A206 indicated identical structures.
Inspection of the three structures shows that the three polysaccharides share as a substructure the side chain 1-Nacetylmannosamine linked to C-2 of the branch point a-Lrhamnose. This is probably the common epitope by which the three antigens are defined as 01. The structural differences between the OlA-OlA1 antigens on the one hand and the 01B-01C antigens on the other are especially striking, with differences even in the sugar components. The 01B and 01C antigens are chemically and thus probably also genetically more closely related. The pronounced structural differences within an 0-antigen group are surprising and exceed differences in sequence and substitution which have been found, e.g., in the 018 antigen group ofE. coli (6, 7a) , as well as in Shigella flexneri (15) and certain salmonella 0 groups (10, 19) . Our interpretation that the three polysaccharides share a common substructure but are otherwise different is in agreement with previously reported serological data (21) . An antiserum against E. coli OIA reacted in an enzymelinked immunosorbent assay with all three 01 LPS types. Adsorption with either O1A or OlAl bacteria removed all agglutinating antibodies, whereas adsorption with either O1B or 01C bacteria removed only antibodies against these bacteria (21) .
Among E. coli 01 strains, the O1A and OlAl clones seem to be prevalent exclusively in urinary tract infections. 01B and O1C strains have not been reported as pathogenic. The OlA-OlA1 strains express the Kl capsule, which is anticomplementary (3, 13, 28, 33) . Nevertheless, E. coli 01:K1, in contrast to E. coli 018:K1, is sensitive to complement (28) . This may be one of the reasons why E. coli 01 can survive in the urinary tract and not in blood sepsis. The cause of this difference of encapsulated strains vis a vis the host defense is not known. The chemical structure of the 0-specific polysaccharides may determine complex formation with cell wall LPS, resulting in a more or less complement-sensitive bacterial surface. Such complexes have been detected in bacterial extracts (24) and may also be important in vivo. Alternatively, sensitivity to complement may be determined by 0-specific polysaccharide chain length (13) .
